Combined coronary artery bypass with carotid endarterectomy: Do women have worse outcomes?  by Roddy, Sean P. et al.
Combined coronary artery bypass with carotid
endarterectomy: Do women have worse
outcomes?
Sean P. Roddy, MD, R. Clement Darling III, MD, A. Reza Abrishamchian, MD,
Kathleen J. Ozsvath, MD, Paul B. Kreienberg, MD, Philip S. K. Paty, MD, Manish Mehta, MD, MPH,
Benjamin B. Chang, MD, and Dhiraj M. Shah, MD, Albany, NY
Objective: Women undergoing coronary artery bypass grafting (CABG) have higher mortality and morbidity in numerous
studies. Although controversial, similar results have been seen in women undergoing carotid endarterectomy. We
examined the results of combined eversion CEA/CABG by one group to analyze if the outcome is different between men
and women in this setting.
Method: The records of all patients undergoing combined eversion CEA/CABG were reviewed from our vascular registry
between January 1992 and January 2001. Indications, demographics, morbidity, and mortality were retrieved. These
results were compared on the basis of gender as well as to patients undergoing CEA alone. Significance was assessed using
2 analysis.
Results: There were 563 combined eversion CEA/CABG procedures performed over the 9-year study period: 324 in men
and 239 in women. Asymptomatic >70% stenosis was seen in 275 (85%) male patients and 215 (90%) female patients (P
not significant [NS]). Stroke was found in fourmen vs three women (1.2% vs 1.3%, P  NS), whereas death occurred in
13 men and five women (4.0% vs 2.1%, P  NS). Thirty-day stroke/mortality was 4.9% in men vs 3.3% in women (P 
NS). During the same period, patients undergoing CEA alone were subject to a stroke-mortality rate of 1.6% in men and
1.2% in women (P  NS).
Conclusion: This series demonstrated no difference in outcome among patients undergoing combined eversion CEA/
CABG procedures on the basis of gender. Although the results demonstrate a significantly higher mortality and
morbidity in patients undergoing combined procedures when compared to carotid surgery alone, the combined
procedures can be performed safely in both genders. The large number of asymptomatic patients in both the combined
and solo procedures may have positively influenced these results. (J Vasc Surg 2002;36:555-8.)
Fortunately, the majority of patients presenting with
carotid artery bifurcation stenosis do not have critical cor-
onary artery disease. However, when critical stenoses are
identified in both the coronary and the carotid circulation,
there are three potential choices in a decision tree. The
coronary procedure may proceed first, but this may carry
with it an increased risk of stroke.1 Alternatively, carotid
endarterectomy (CEA) may be performed in a staged fash-
ion preceding the coronary artery bypass grafting (CABG).
This may be complicated by a risk of myocardial infarction
approaching 18%.2 Combining the procedures may reduce
this risk when symptomatic coronary artery disease is
present. Prior reports detail results of gender-unspecified
populations. These series identify stroke rates from 3% to
9% and mortality rates of 3% to 8%.3,4
A growing proportion of patients undergoing treat-
ment for the various manifestations of atherosclerosis are
women.5 Reasons for this include the effect of an aging
population, accelerated atherosclerosis after menopause,
and a higher prevalence of smoking in the female popula-
tion.6 This increase in vascular disease is translated into
more vascular reconstructions. Women undergoing CABG
in several series have a higher morbidity and mortality as
well as less relief of symptoms.7,8 As far as peripheral
intervention, CEA in the female population has shown
mixed outcomes.9 The Asymptomatic Carotid Atheroscle-
rosis Study (ACAS) identified a 66% reduction in the 5-year
event rate after CEA in men, but only a 17% reduction in
women, although this difference between sexes was not
statistically significant (P .10).10 We, therefore, reviewed
our experience with combined coronary artery bypass and
eversion CEA, focusing on gender as an indicator for stroke
and mortality.
METHODS
The results of patients undergoing combined eversion
CEA and CABG between January 1992 and January 2001
were reviewed through our vascular surgery registry. The
specific indications and demographics were retrieved. We
tabulated adverse outcomes looking specifically at stroke
and death rates. All patients are evaluated daily by the
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surgical house staff, the vascular fellow, and an attending
vascular surgeon. Any neurologic event seen prompts a
neurology consultation. A stroke is recorded in the registry
if the neurologist agrees (based on examination or new
computed tomographic [CT] scan findings). All events
were identified the day after patients emerged from anes-
thesia. Any event that completely resolved and had no
evidence on brain imaging of a defect was considered
transient. Otherwise the events were classified as perma-
nent. All data were compared between genders as well as to
patients undergoing CEA alone during this same period.
Statistical significance was determined using 2 analysis
and assumed for P  .05.
All patients in this series were placed under general
anesthesia from the start. The CEA was performed through
a standard neck incision simultaneously with the harvest of
lower extremity vein by the cardiac surgery team. All ca-
rotid endarterectomies within this series were performed by
using the eversion technique as we have described previ-
ously.11 No patient was shunted. Thirty units of intrave-
nous heparin per kilogram of body weight were adminis-
tered prior to the carotid surgery. After completion of the
endarterectomy, the cardiac surgery team performed their
bypass and administered additional heparin. Neck wounds
were closed by the cardiac surgery team, and drains were
placed in all patients.
Inclusion criteria for this study required a70% carotid
stenosis. No patients undergoing longitudinal arteriotomy
with “standard” endarterectomy were included. Emergent
procedures were excluded from analysis. Data from the
independent cardiac surgery database were then obtained
for all patients undergoing CABG without CEA. This
included stroke and mortality data.
RESULTS
From 1992 to 2001, a total of 563 combined eversion
CEA/CABG procedures were performed. The demo-
graphics of this group are summarized in Table I. There is
no difference in the prevalence of diabetes or hypertension.
The mean age in both genders was identical at 70 years. The
incidence of smoking was significantly higher in men than
in women (48% and 35%, respectively; P  .002). Further,
no statistically significant difference in indications was iden-
tified. The majority of patients were done for asymptomatic
disease in this series. Specifically, 85% of men and 90% of
women had no neurologic symptoms but a greater than
70% carotid bifurcation stenosis. The remaining patients
were equally distributed among amaurosis fugax, transient
ischemic attack, and cerebral vascular accident. These are
summarized in Table II. In evaluating the adverse out-
comes, we found no statistically significant difference in the
incidence of stroke, death, and stroke-death rates (Table
III). No patient returned to the operating room because of
infection. Complications including hematoma requiring
return to the operating room, wound infection treated with
antibiotics alone, or nerve injury are also listed in Table III.
Specifically, four strokes (1.2%) occurred in the male group
and three (1.3%) in the female group. There were 13 (4%)
deaths in the male group and five (2.1%) deaths in the
female group. The majority of these deaths were cardiac in
origin. The stroke death rate was 4.9% in the male group
Table I. Demographics
Total procedures Male Female P value
CEA with CABG 324 (58%) 239 (42%)
Diabetes 60 (19%) 58 (24%) NS
Smoker 155 (48%) 83 (35%) .05
Hypertension 92 (28%) 67 (28%) NS
Mean age, y 70 70 NS
Age range, y 39-88 49-88
CEA Alone 2501 (58%) 1836 (42%)
Diabetes 600 (24%) 409 (22%) NS
Smoker 721 (29%) 502 (27%) NS
Hypertension 670 (27%) 583 (32%) .05
Mean age, y 70 71 NS
Age range, y 30-97 35-95
Data are n (%) unless otherwise indicated.
Table II. Indications
Male Female P value
CEA with CABG
TIA 24 (7%) 14 (6%) NS
Amaurosis fugax 12 (4%) 4 (2%) NS
Complete stroke 13 (4%) 6 (2%) NS
Asymptomatic 275 (85%) 215 (90%) NS
CEA Alone
TIA 390 (16%) 252 (14%) NS
Amaurosis fugax 252 (10%) 162 (9%) NS
Complete stroke 248 (10%) 160 (9%) NS
Asymptomatic 1611 (64%) 1262 (68%) NS
Data are n (%).
TIA, Transient ischemic attack.
Table III. Complication
Male Female P value
CEA with CABG
TND 2 (0.6%) 3 (1.2%) NS
PND 4 (1.2%) 3 (1.3%) NS
Death 13 (4.0%) 5 (2.1%) NS
Cardiac 12 (3.7%) 5 (2.1%) NS
Stroke 1 (0.3%) 0 (0.0%) NS
Stroke/death rate 16 (4.9%) 8 (3.3%) NS
Hematoma 3 (0.9%) 2 (0.6%) NS
Wound infection 0 (0%) 0 (0%) NS
Nerve injury 0 (0%) 1 (0.3%) NS
CEA Alone
TND 20 (0.8%) 17 (0.9%) NS
PND 22 (0.9%) 13 (0.8%) NS
Death 21 (0.8%) 15 (0.8%) NS
Cardiac 11 (0.4%) 3 (0.2%) NS
Stroke 3 (0.1%) 6 (0.3%) NS
Stroke/death rate 40 (1.6%) 22 (1.2%) NS
Hematoma 32 (1.3%) 15 (0.8%) NS
Wound infection 2 (0.1%) 5 (0.3%) NS
Nerve injury 10 (0.4%) 4 (0.3%) NS
PND, Permanent neurologic deficit; TND, transient neurologic deficit.
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and 3.3% in the female group. As a baseline for comparison,
the stroke rate for 16,014 coronary bypass procedures in
our area was 0.9% (n  138)between 1993 and 2000. The
30-day mortality rate was 1.8% (n  290).
During this same period, there were 4337 eversion
CEAs performed alone; 58% were done in men. Demo-
graphics are summarized in Table I. There was no differ-
ence in the prevalence of diabetes and smoking. The inci-
dence of hypertension was significantly higher in women
than men (32% and 27%, respectively; P  .05).The mean
age did not differ (70 to 71 years). Again, asymptomatic
disease was most often the indication for the carotid sur-
gery. This was the case in 64% of the men and 69% of the
women (P  .05). The remaining indications were equally
disbursed between amaurosis fugax, transient ischemic at-
tacks, and cerebral vascular accidents. Complications for
the patients with CEA alone are listed in Table III. There
was again no statistically significant difference between men
and women with respect to stroke, death, and stroke-death
rates. The stroke death rate was 1.6% in men and 1.2% in
women. Other complications did not differ as well.
DISCUSSION
Atherosclerotic diseases, especially coronary heart dis-
ease and cerebrovascular disease, are the leading causes of
death among women in the United States. Forty percent of
all coronary events are fatal, and stroke is one of the leading
causes of severe disability among women.12 It has been
suggested that women would have worse outcome com-
pared to men once vascular disease becomes symptomat-
ic.13 This worse outcome may be multifactorial. The nature
of atherosclerotic disease, the hormonal biology, delayed
presentation, and anatomic differences such as smaller ves-
sel size have all been considered negative predictors.
Significant gender differences have been reported
among patients with symptomatic coronary artery disease.
Although, women have similar long-term survival as men,
studies have indicated that women have a greater surgical
mortality rate and less favorable symptomatic response to
CABG surgery. Other studies have indicated that women
are affected by therapeutic intervention for coronary artery
disease at a more advanced stage, often leading to urgent or
emergent operative cases.14-16
Gender differences in patients with cerebrovascular dis-
ease is somewhat uncertain.17 Despite the fact that signifi-
cant carotid and coronary artery atherosclerosis is present in
many women, a paucity of reports are available comparing the
result of combined CEA/CABG with respect to gender.18
Women were underrepresented in the prospective random-
ized trials comparing best medical therapy vs endarterectomy
alone for both asymptomatic and symptomatic carotid bifur-
cation stenosis. There were no women in the Veteran Admin-
istration symptomatic or asymptomatic trials.19,20
Patients with combined severe extracranial carotid ar-
tery disease and coronary artery disease seem to form a
high-risk group. The perioperative stroke rates among pa-
tients with these combined diseases who undergo CABG
having over 50% carotid artery stenosis are 6% and increase
to over 16% if the narrowing exceeds 90%.4,21-23 Patients
with severe coronary artery disease who undergo CEA have
an increased incidence of myocardial infarction in the peri-
operative period.24 Therefore, treating one disease may not
be adequate without treating the other. It would seem
reasonable to perform concomitant procedures to optimize
cerebral blood flow and reduce complications of cerebral
ischemia at the time of CABG.
This study presents no statistically significant difference
in stroke rate and 30-day stroke-mortality rates in both
women and men undergoing combined eversion CEA/
CABG. These results are similar to the trend seen in pa-
tients undergoing CEA alone. Eversion endarterectomy
was used exclusively in this group. We did this to reduce the
potential for independent variables in this analysis. This
technique has a few advantages such as a simplified conduct
of operation, a minimized clamp time (usually less than 15
minutes) and, therefore, a decreased delay in starting the
coronary procedure. We also believe that the absence of a
distal suture line decreases internal carotid artery narrow-
ing, which may decrease restenosis and stroke rates espe-
cially in women whose arteries are smaller. Another factor
that may have contributed to this overall low morbidity and
mortality, may be the high prevalence of asymptomatic
disease. In our series, 85% of patients on average had no
neurologic symptoms but a hemodynamically significant ca-
rotid bifurcation lesion. In a study by Mackey et al,25 43% of
patients were asymptomatic with a 9% stroke rate, whereas
Cambria et al26 had a higher asymptomatic rate at 69% and,
therefore, a lower stroke rate at 4%. Hertzer et al27 had 71% of
patients present with asymptomatic disease and a 3% stroke
rate. Finally, the high volume of procedures performed at our
institution may have contributed to the low overall morbidity
and mortality. The literature does indicate that high volume
medical centers or surgeons may have more optimal results as
compared to lower volume hospitals or surgeons.28,29
In conclusion, the results of this study do not indicate a
statistically significant difference among the male and the
female populations undergoing combined eversion CEA/
CABG procedures. These combined procedures can be
performed safely in both men and women. Women should
not be denied carotid reconstruction in the setting of
simultaneous disease on the basis of gender alone. Exactly
who should undergo a combined procedure is still unclear.
Our group and our colleagues in cardiac surgery currently
perform CEA with CABG whenever a patient presents with
over 70% narrowing.
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